
Extension Principle and Simple Applications of
Fuzzy Sets

Fuzzy set theory, introduced by Lotfi A. Zadeh in 1965, extends classical set theory by allowing
partial membership. In classical sets, an element either belongs or does not belong to a set.
However, in fuzzy sets, each element has a degree of membership between 0 and 1. The
Extension Principle is a fundamental concept in fuzzy set theory that allows us to extend crisp
mathematical functions to fuzzy sets.

1. Extension Principle

The Extension Principle states that if we have a function f: X → Y and a fuzzy set A defined on X,
then the image of A under f is also a fuzzy set defined on Y. If µA(x) is the membership function of
A, then the membership function of the fuzzy set B = f(A) is given by: µB(y) = sup { µA(x) | f(x) = y }
This means that the membership degree of y in B is the supremum (maximum) of the membership
degrees of all x in A such that f(x) = y.

2. Detailed Example of Extension Principle

Let A be a fuzzy set defined on X = {1, 2, 3} with membership function: µA(1) = 0.2 µA(2) = 0.7
µA(3) = 1.0 Let the function be f(x) = x². Now compute B = f(A): f(1) = 1 f(2) = 4 f(3) = 9 Thus the
fuzzy set B on Y = {1, 4, 9} becomes: µB(1) = 0.2 µB(4) = 0.7 µB(9) = 1.0 So the fuzzy set is: B =
{(1, 0.2), (4, 0.7), (9, 1.0)}

3. Simple Application of Fuzzy Sets

One simple application of fuzzy sets is in temperature control systems such as air conditioners or
washing machines. Suppose we define a fuzzy set "Warm Temperature" on a scale of 0°C to 40°C.
For example: µWarm(20) = 0.3 µWarm(25) = 0.6 µWarm(30) = 0.9 µWarm(35) = 0.5 This allows
gradual transition instead of a sharp boundary. If a temperature control function adjusts power
based on temperature, the Extension Principle helps determine the fuzzy output based on fuzzy
input values. Thus fuzzy logic is widely used in control systems, decision-making, pattern
recognition, and artificial intelligence.


